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Endometrial serous carcinoma (ESC) is an aggressive type of endometrial carcinoma with a poor prognosis. Immune checkpoint
blockade has evolved as a novel treatment option for endometrial cancers; however, data on expression of immune checkpoints
that may be potential targets for immunotherapy in ESC are limited. We analyzed the prevalence and prognostic significance of PD-
L1, TIM-3 and B7-H3 immune checkpoints in 99 ESC and evaluated their correlation with CD8+ tumor infiltrating lymphocytes.
Applying the tumor proportion score (TPS) with a cutoff of 1%, PD-L1, TIM-3 and B7-H3 expression was present in 17%, 10% and
93% of cases, respectively. Applying the combined positive score (CPS) with a cutoff of 1, PD-L1, TIM-3 and B7-H3 expression was
present in 63%, 67% and 94% of cases, respectively. Expression of these markers was largely independent of one another. PD-L1
correlated with higher CD8+ T-cell density when evaluated by either TPS (p= 0.02) or CPS (p < 0.0001). TIM-3 correlated with
CD8+ T-cell density when evaluated by CPS (p < 0.0001). PD-L1 positivity was associated with improved overall survival (p= 0.038)
when applying CPS. No association between PD-L1 expression and survival was found using TPS, and there was no association
between TIM-3 or B7-H3 positivity and survival by either TPS or CPS. Using TPS, PD-L1 correlated with a higher tumor stage but not
with survival, whereas the converse was true when PD-L1 was evaluated by CPS, suggesting that PD-L1 expression in immune cells
correlates with prognosis and is independent of tumor stage. In conclusion, PD-L1, TIM-3 and B7-H3 may be potential therapeutic
targets in selected patients with ESC. Further investigation of their roles as predictive biomarkers is needed.
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INTRODUCTION
Endometrial serous carcinoma (ESC) is a high-grade type of
endometrial cancer with an aggressive behavior. Although it
represents only approximately 10% of endometrial malignancies,
it accounts for almost 40% of endometrial cancer-related deaths.1

Despite advances in treatment, the overall 5-year survival rate of
patients with ESC is still less than 50%2, underscoring the need for
novel treatment options in these tumors. As many cancers
develop a mechanism of escaping immune surveillance through
modulation of T-lymphocyte activity via upregulation of expres-
sion of immune checkpoint signaling molecules3,4, targeting these
checkpoints with immune checkpoint blockade has emerged as a
breakthrough therapeutic option in oncology in recent years.
Success of the anti-PD-1 and anti-PD-L1 inhibitors in clinical trials
has led to the approval by the Food and Drug Administration
(FDA) of several immune checkpoint inhibitors (ICI) for treatment
of advanced tumors of selected types,5 including endometrial
cancer.6 A recent clinical trial which included a large cohort of
advanced stage endometrial cancer patients, 25% of whom had
ESC, demonstrated a significantly longer progression-free survival
(PFS) and overall survival (OS) in patients receiving the multi-
kinase inhibitor lenvatinib (LENVIMA®) in combination with the
PD-1 inhibitor pembrolizumab (KEYTRUDA®) as compared with

those in the chemotherapy group. Survival benefits were observed
across all evaluated subgroups, including both mismatch repair
(MMR)-proficient and MMR-deficient tumors and less-common but
aggressive histologic subtypes.7

Although a durable response is achieved in some patients
treated with immune checkpoint inhibitors, the fact that many
patients fail to respond to these therapies indicates the need for
elucidation of predictive biomarkers that could be used to
individualize targeted treatment. Currently, knowledge regarding
the complex immune tumor microenvironment in endometrial
carcinoma in general, and ESC in particular, is limited.
The PD-1/PD-L1 axis, the most clearly illuminated immune

checkpoint pathway to date, involves interaction between T-cell
PD-1 receptors and PD-L1 expressed on various cell types
including tumor and immune cells. In clinical trials, PD-L1 has
emerged as a promising biomarker for some tumors, with efficacy
of ICI contingent on PD-L1 expression. In other tumors, however,
therapeutic success of ICI appears to be independent of PD-L1
expression.5 Of import, endometrial carcinoma comprises various
histologic types with different molecular alterations and biological
behavior. Although the prevalence of PD-L1 expression in
endometrial cancers has been previously documented in the
literature8–17, many studies have not stratified endometrial tumors
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by histologic type, or have studied cohorts skewed toward the
(most common) endometrioid type while underrepresenting less
common histologic types including ESC. In addition to PD-L1,
several alternative T-cell checkpoints and associated predictive
biomarkers are currently under investigation due to the need to
identify novel immunotherapeutic targets.18–20 One of these
checkpoints is T-cell immunoglobulin and mucin-domain contain-
ing-3 (TIM-3), a molecule expressed by various immune cells
including activated effector T cells and T regulatory cells (Tregs).
TIM-3 has multiple ligands, is upregulated in various carcinomas21

and is generally considered a negative regulator of immune
responses.22–24 B7-H3 is another immune checkpoint of interest,
expression of which can be induced on T-cells and other immune
cells.25 B7-H3 is also upregulated in many cancers and plays a
complex role in tumor immunity with both stimulatory and
inhibitory functions and synergetic effects with other immune
checkpoints.26 Therapies targeting cells expressing these mole-
cules have been developed in the last decade and tested in
clinical trials, alone or in combination with anti-PD-1/PD-L1 drugs,
demonstrating good efficacy and an acceptable safety profile.27,28

Identification of these and other potential immunotherapy targets
in ESC could inform future studies aimed at improving patient
outcomes.
In addition to the predictive role of immune checkpoint

biomarkers, their prognostic significance has also lately gained
attention. For solid tumors, published studies on the prognostic
significance of PD-L1 expression have shown conflicting results,29

while TIM-3 and B7-H3 expression has been reported to be
associated with predominantly worse outcomes.30–32 For endo-
metrial carcinomas in particular, reports on the prognostic
significance of PD-L1 expression have demonstrated inconsistent
results,8–17 while data on the prognostic significance of TIM-3 and
B7-H3 is largely lacking. In this study, we delved into selected
aspects of the immune landscape of ESC by analyzing the
prevalence and prognostic significance of PD-L1, TIM-3 and B7-H3
and their correlation with tumor-associated CD8+ T-lymphocytes
in a large patient cohort. We found expression of the three
immune checkpoints to be variable and largely independent from
one another. While both PD-L1 and TIM-3 positivity by CPS was
associated with higher CD8+ T cells, only PD-L1 expression
correlated with survival.

MATERIALS AND METHODS
Case selection
After approval from the institutional review board of the University of
Texas Southwestern Medical Center, 103 cases with a diagnosis of ESC
accessioned between January 2008 and December 2020 were identified
from Parkland Health and Hospital System and Clements University
Hospital. Clinicopathological characteristics including patient age, tumor
stage, tumor characteristics, treatment history, and clinical outcome data
were extracted from the electronic medical records. Cases originally
diagnosed as ESC but for which subsequent MMR or MSI testing was
performed as part of clinical care (n= 37) and demonstrated an abnormal
result (n= 3, loss of MMR expression by IHC) were classified as MMR-
deficient and excluded from the study. Cases with unknown MMR/MSI
status (n= 63) were tested for PMS2 and MSH6 and, in cases with an
abnormal result, reflexed for testing for MLH1 or MSH2, respectively. Cases
with loss of expression of any of these markers (n= 1, loss of MLH1/PMS)
were excluded from the study.

Immunohistochemistry
Formalin-fixed paraffin embedded (FFPE) tumor tissue was used for
immunohistochemistry.
Whole tissue sections from 99 tumors were tested for PD-L1 and CD8,

and from 98 tumors for TIM-3 and B7-H3. Sixty-three cases with unknown
MMR status were tested for PMS2 and MSH6. One case with an abnormal
PMS2 result was tested for MLH1. Positively charged slides with tissue
sections cut at 4 μm thickness were dried in an oven for 1 h at 56 °C to
60 °C. Deparaffinization, rehydration, and target retrieval were performed

in a three-in-one procedure, per the manufacturer’s instructions, by fully
submerging the slides in preheated (65 °C) EnVision™ FLEX Target
Retrieval Solution at low pH (6.0) for PD-L1 and high pH (9.0) for TIM-3,
B7-H3 and CD8, and incubating slides at 97 °C for 20 min. After incubation,
when the temperature cooled to 70 °C, the slides were removed from the
solution and immediately submerged in room temperature wash buffer
diluted 1:20 for 5 min. After this, the slides were placed in an Autostainer
Link 48 platform (Dako, Agilent), subjected to FLEX peroxidase block for
5 min, and then incubated with the respective primary antibody. The
following primary antibodies and dilutions were used: monoclonal mouse
PD-L1 (clone 22C3, 1:50 dilution, Dako/Agilent), monoclonal rabbit B7-H3
(clone D9M2L, 1:150 dilution, Cell Signaling Technology), monoclonal
rabbit TIM-3 (clone D5D5R, 1:100 dilution, Cell Signaling Technology),
monoclonal mouse CD8 (clone C8/144B, RTU, Dako/Agilent), human PMS2
(clone EP51, RTU, Dako/Agilent), MSH6 (clone EP49, RTU, Dako/Agilent)
and MLH1 (clone ES05, RTU, Dako/Agilent). Incubation time with primary
antibody was 60 min for PD-L1, TIM-3 and B7-H3, 20 min for CD8, 30 min
for MSH6, and 40min for MLH1. After incubation with the PD-L1 primary
antibody, incubation with the EnVision™ FLEX+Mouse LINKER anti-
mouse linker antibody was performed for 30 min. Subsequently, all slides
were rinsed in wash buffer for 5 min, and then incubated with the
EnVision™ FLEX HRP visualization reagent for 30 min for PD-L1, 20 min for
MSH6, B7-H3, TIM-3 and CD8, and 40 min for PMS2 and MLH1 at room
temperature. After rinsing in wash buffer for 5 min, enzymatic conversion
of the subsequently added 3,3’-diaminobenzidine (DAB) tetrahydrochlor-
ide chromogen was performed for 10 min at room temperature. For PD-
L1, this step was followed by addition of DAB enhancer for 5 min at room
temperature. The instrument monitored the incubation time and rinsing
of slides between reagents. The reagent times were preprogrammed in
the Dako Link software. Slides were subsequently counterstained for
5 min with hematoxylin (Link) using a preprogrammed hematoxylin
incubation time. Mounting was performed using non-aqueous permanent
mounting media. Control tissues included a section of normal tonsil and a
tissue microarray (TMA) with a known range of expression for PD-L1, a
section of normal tonsil for TIM-3 and CD8, and sections of placenta and
prostate for B7-H3.

Analysis of PD-L1, TIM-3 and B7-H3 expression
Two scoring methods, tumor proportion score (TPS) and combined
positive score (CPS), were used for evaluation of PD-L1, TIM-3 and B7-H3
based on FDA-approval of these methods for assessment of PD-L1
expression in other solid tumors.5 TPS was calculated as the percentage
of tumor cells with membranous PD-L1 expression. CPS was calculated
as the number of PD-L1-staining cells (tumor cells, lymphocytes, and
macrophages) divided by the total number of viable tumor cells,
multiplied by 100. Both scores ranged from 0 to 100. For all three
immune checkpoint markers, cutoff scores of ≥1% for TPS and ≥1 for CPS
were used to define positivity, and additional cutoffs (10, 20, and 50)
were used to further analyze the significance of immune checkpoint
expression. In the CPS system, for scoring of mononuclear immune cells
(lymphocytes and macrophages), only intratumoral and peritumoral
(within one 20x field from the tumor nest edge) immune cells were
counted. Stromal immune cells distant from the tumor were excluded.
Due to the lack of established criteria for assessment of TIM-3 and B7-H3,
the same scoring systems and positivity thresholds used for PD-L1
assessment were applied.

Evaluation of MMR status
Intact MMR protein expression was defined as nuclear expression in tumor
cells, and loss of expression was defined as the absence of staining in
tumor cells in the presence of positive reaction in internal control cells. All
MMR-deficient cases were excluded from the study.

Image analysis and calculation of CD8+ TIL density
Whole slide images of CD8 immunostained slides were generated for
image analysis by Aperio ScanScope AT Turbo scanner (Leica Biosystems,
Heidelberg, Germany). Quantification of total tumor area and percentage
of positive staining cells was performed by Aperio Analysis software. Areas
for quantification were annotated using Aperio analysis tools. The
percentage of weak, medium, and strong staining was determined using
the color-deconvolution tool. CD8+ TIL density was calculated as total
CD8+ cells (including weak, medium, and strong signals) divided by the
area comprising the tumor and areas in direct contact with the tumor
periphery (mm2).
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Statistical analysis
Two-tailed Chi square test was used to compare the expression of immune
checkpoints among various clinical stage groups. Unpaired student’s t-test
was used to compare CD8+ TIL density among different immune
checkpoint expression groups. Statistical analyses were performed using
JMP 11.2.0 (SAS Institute Inc., Cary, NC). OS was calculated from the date of
the pathologic diagnosis to the date of death or last follow-up. The
progression interval was censored for patients for whom there was no
recorded date of progression in the data field “months to new tumor event
after initial diagnosis”. Log-rank test and Kaplan-Meier survival curves were
used to compare OS and PFS between the respective immune checkpoint
marker positive and -negative expression groups. A p-value <0.05 was
considered to be statistically significant. GraphPad Prism 7.04 software
(San Diego, CA) was used for survival analysis. Cohen’s Kappa (κ), an index
that considers observed agreement with respect to agreement by chance,
was used to measure the co-occurrence/agreement between individual
markers. It has a range from −1 to 1, where 1 indicates perfect agreement,
0 random, and −1 perfect disagreement.

RESULTS
Patient characteristics
Of 103 cases with an original diagnosis of ESC, four cases were
found to be MMR-deficient and were excluded from the final
study cohort. Ninety-nine cases were included in the analysis of
immune checkpoint markers. The morphologic diagnosis of ESC
cases included in the study was confirmed in each case by one or
more gynecologic pathologists (E.L. and/or H.C.).
Patient demographics, clinical stage, and outcomes are

summarized in Table 1. All patients were staged using the
International Federation of Gynecology and Obstetrics (FIGO)
system. Patient age ranged from 49 to 83 years (median 64 years).
Complete follow-up information was available for 93 (93%) of 99
patients and was included in survival analysis. Median follow-up
was 28 months (range, 3–151 months).

PD-L1, TIM-3, and B7-H3 are differentially expressed in ESC
The distribution of PD-L1, TIM-3, and B7-H3 expression varied
among the tumors. In the majority of PD-L1 positive tumors, PD-L1
expression was heterogeneous with positive cells arranged in
patchy, focal or multifocal distributions. In a few tumors, both
tumor and immune PD-L1 positive cells were present predomi-
nantly at the advancing edge of the tumor, forming a cordon of
varying intensity with accentuation at the tumor-stroma interface.
Rare tumors demonstrated diffuse positivity in tumor cells. The
distribution of TIM-3 positive cells within the tumor was
predominantly patchy, focal, or multifocal with rare tumors
showing accentuation at the tumor edge and tumor-stroma
interface. B7-H3 expression was present in tumor cells in the
majority of cases, and showed either diffuse or patchy distribution.

An example of a case with expression of three immune checkpoint
markers is illustrated in Fig. 1A.
Applying TPS (with 1% positivity cutoff), PD-L1 expression was

present in 17% (17/99) of cases, TIM-3 expression was present in
10% (10/98) of cases, and B7-H3 was present in 93% (91/98) of
cases. Applying CPS (with 1 positivity cutoff), PD-L1 expression
was present in 63% (62/99) of cases, TIM-3 expression was
present in 67% (66/98) of cases, and B7-H3 was present in 94%
(92/98) of cases (Fig. 1B, C and Table 2). Using TPS, 69% of cases
were positive for one marker, 23% of cases were positive for two,
and 2% were positive for all three markers (Fig. 2A). In contrast,
using CPS, 16% of cases were positive for one, 35% for two and
46% for all three markers. (Fig. 2B) Using TPS, none to slight
agreement was found between the expression of three immune
checkpoints with κ=−0.01–0.03. (Fig. 2C) Using CPS, fair
agreement was found between PD-L1 and TIM-3 (κ= 0.26), and
none to slight agreement between PD-L1 and B7-H3 (κ= 0.09)
and between TIM-3 and B7-H3 (κ= 0.06) (Fig. 2D). Overall,
expression of the three biomarkers was largely independent from
one another.
To investigate the correlation between the level of immune

expression and prognosis, we further subdivided positive raw CPS
scores into group 1 (score 1–9), group 2 (score 10–19), group 3
(score 20–49) and group 4 (score ≥ 50). For TPS, we grouped cases
according to the same numerical values as for CPS but expressed
as percentages. The majority of cases that were positive for PD-L1
or for TIM-3 demonstrated a relatively low level of positivity by
both TPS and CPS and belonged to group 1 (score 1–9), while
most B7-H3 positive cases showed a high positivity (score ≥ 50) by
both TPS and CPS. The results of PD-L1, TIM-3, and B7-H3
expression including the distribution according to the raw score
groups are summarized in Table 2.

Correlation between immune checkpoint expression and
clinical stage
PD-L1 positivity by TPS was significantly lower in stage IA tumors
as compared to other stages (p= 0.04) while no statistically
significant difference was observed between more advanced
stages (p= 0.39). There was no significant difference in PD-L1
expression by CPS between tumors of different stages (p= 0.80).
(Fig. 3A, B) No statistically significant difference was found in TIM-3
or B7-H3 expression by either TPS or CPS between tumors of
different stages (TIM-3: TPS, p= 0.67; CPS, p= 0.12; B7-H3: TPS,
p= 0.35; CPS, p= 0.43). (Fig. 3C–F).

Correlation between immune checkpoint expression and
CD8+ tumor infiltrating lymphocyte (TIL) density
Using CPS, ESC with positive PD-L1 expression demonstrated
significantly higher CD8+ TIL density than PD-L1 negative tumors
(1171 ± 120 cells/mm2 in PD-L1 positive tumors vs. 488 ± 65 cells/
mm2 in PD-L1 negative tumors, p < 0.0001). Furthermore, we
investigated the correlation between the level of PD-L1 expression
and CD8+ TIL density in PD-L1 positive tumors, which we divided
into “low” and “high” expression groups using CPS 10 or 20 as
cutoffs. There was no statistically significant difference between
CD8+ TIL density in these two groups (CPS cutoff 10: p= 0.07;
CPS cutoff 20: p= 0.06). Using TPS, higher CD8+ TIL density was
observed in PD-L1 positive than in PD-L1 negative tumors
(1348 ± 226 cells/mm2 in PD-L1 positive tumor vs. 830 ± 75 cells/
mm2in PD-L1 negative tumors, p= 0.02). ESC with positive TIM-3
expression demonstrated significantly higher CD8+ TIL density
compared to TIM-3 negative tumors (1170 ± 112 cells/mm2 in TIM-
3 positive tumors vs. 379 ± 38 cells/mm2 in TIM-3 negative tumor,
p < 0.0001). Similar to PD-L1 positive tumors, no statistically
significant difference was found between TIM-3 “low” or “high”
groups when CPS 10 cutoff was applied p= 0.21). Due to limited
power for TIM-3 CPS ≥ 20 group, we were not able to perform
statistical analysis using CPS 20 as cutoff. Similar to PD-L1, no

Table 1. Clinicopathological characteristics of patients.

Characteristics

Age, median (range), years 64 (49–83)

Duration of follow-up median (range), months 28 (3–151)

FIGO stage, n

IA 25 (25%)

IB 10 (10%)

II 4 (4%)

III 37 (37%)

IV 23 (23%)

Total 99

Clinical outcomes, n

Progression 53 (54%)

Death 39 (39%)
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statistically significant difference was found between TIM-3
positive and TIM-3 negative tumors (1176 ± 232 cells/mm2 in
TIM-3 positive tumor vs. 881 ± 74 cells/mm2 in TIM-3 negative
tumors, p= 0.29). The limited number of cases within the PD-L1
positive (n= 17) and TIM-3 positive (n= 10) groups may have
contributed to the failure to reach statistical significance. Due to
the limited power of the B7-H3 negative tumor group (n= 7 by
TPS, and n= 6 by CPS), we were not able to perform statistical
analysis between B7-H3 positive and negative tumors. Due to the

predominantly high expression of B7-H3 in ESC, we chose cutoffs
of 20 or 50 (TPS or CPS) to subclassify tumors into “low” and “high”
expression groups. There was no statistically significant difference
between CD8+ TIL density in these groups (CPS cutoff 20:
p= 0.74; CPS cutoff 50: p= 0.44; TPS cutoff 20%: p= 0.98; TPS
cutoff 50%: p= 0.71). These results are illustrated in Fig. 4A–M.

Correlation between PD-L1 expression and survival
No statistically significant difference was observed in PFS between
PD-L1 positive and PD-L1 negative tumors by CPS (p= 0.2, log-
rank test; Fig. 5A), with 38-months median survival in the PD-L1-
positive group compared with a 17-month median survival in PD-
L1-negative group. The adjusted HR for PFS was 0.70 (CI:
0.39–1.26) for the PD-L1-positive group and 1.42 (95% CI:
0.79–2.54) for the PD-L1-negative group. Survival analysis
demonstrated significantly better OS in the patient group with
PD-L1 positive tumors by CPS compared to the PD-L1 negative
group (p= 0.038; log-rank test, Fig. 5B), with an undefined median
survival interval in the PD-L1 positive group compared with
31 months median survival in the PD-L1 negative group. The
adjusted HR for OS was 0.53 (CI: 0.26–1.04) for the PD-L1 positive
group and 1.90 (95% CI: 0.97–3.75) for the PD-L1 negative group.
We further divided PD-L1 positive tumors into “low” and “high”
expression groups using CPS 10 or 20 as cutoff points and found
no significant difference between these groups (PFS, cutoff 10:
p= 0.34 and cutoff 20: p= 0.38; OS, cutoff 10: p= 0.17 and cutoff
20: p= 0.83) (Fig. 5C–F). No significant difference was observed in
PFS or OS between PD-L1 positive versus negative groups by TPS
(PFS: p= 0.73; OS: p= 0.84) (Fig. 5G–H). Due to the limited power
of PD-L1 positive cases by TPS, we were not able to perform
statistical analysis between “low” and “high” expression groups by
TPS.

Fig. 1 PD-L1, TIM-3 and B7-H3 expression in endometrial serous carcinoma. A Examples of PD-L1, TIM-3, B7-H3 expression in endometrial
serous carcinoma by immunohistochemistry. B, C PD-L1, TIM-3, and B7-H3 expression in individual cases according to a raw score group
arranged in a case matrix. Results evaluated using (B) tumor proportion score (TPS) and (C) combined positive score (CPS). Color coding
scheme is depicted on the bottom. NP indicates not performed; Neg Negative. Values in raw score groups are expressed as percentages for
TPS and score number for CPS.

Table 2. Expression of PD-L1, TIM-3 and B7-H3.

Immune checkpoint marker

TPS PD-L1 TIM-3 B7-H3

Negative, n (%) 82 (83%) 88 (90%) 7 (7%)

Positive, n (%) 17 (17%) 10 (10%) 91 (93%)

Raw score
group, n

1–9% 13 (76%) 4 (40%) 10 (11%)

10–19% 1 (6%) 3 (30%) 6 (7%)

20–49% 1 (6%) 2 (20%) 21 (23%)

≥50% 2 (12%) 1 (10%) 54 (59%)

CPS PD-L1 TIM-3 B7-H3

Negative, n (%) 37 (37%) 32 (33%) 6 (6%)

Positive, n (%) 62 (63%) 66 (67%) 92 (94%)

Raw score
group, n

1–9 38 (61%) 47 (71%) 7 (8%)

10–19 12 (19%) 10 (15%) 8 (9%)

20–49 9 (15%) 6 (9%) 18 (19%)

≥50 3 (5%) 3 (5%) 59 (64%)

Total, n 99 98 98
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TIM-3 and B7-H3 expression do not correlate with clinical
outcomes
Using CPS, with a threshold for positivity of 1, no significant
difference was observed in PFS or OS between the TIM-3 positive
and negative groups (PFS, p= 0.86; OS, p= 0.75). Furthermore, no
significant difference was found between TIM-3 “low” and “high”
groups using a CPS cutoff of 10 (PFS, p= 0.90; OS, p= 0.57)
(Fig. 6A–D). Using TPS with a threshold for positivity of 1%, the
power of TIM-3 negative group was too small (n= 10) and did not
allow for comparison of survival between TIM-3 positive and
negative groups. Similarly, due to the limited power of B7-H3
negative tumors (n= 6 by CPS, n= 7 by TPS), we were not able to
compare survival between B7-H3 positive and negative groups.
We further performed survival analysis for patients with B7-H3
positive ESC using different cutoffs. Due to the high level of B7-H3
expression, we chose 20 or 50 as cutoff for both TPS and CPS.
Using CPS, no significant difference in survival was observed
between B7-H3 “low” and “high” groups (PFS, cutoff 20: p= 0.78
and cutoff 50: p= 0.74; OS, cutoff 20: p= 0.31 and cutoff 50:
p= 0.96). Similarly, no significant difference in survival was
observed between B7-H3 “low” and “high” groups by TPS (PFS,
cutoff 20: p= 0.39 and cutoff 50: p= 0.80; OS, cutoff 20: p= 0.78
and cutoff 50: p= 0.91) (Fig. 6E–L).

DISCUSSION
In this study, we analyzed expression of three different immune
checkpoints in a large cohort of ESC and correlated their positivity
with CD8+ TIL and patient outcomes. Applying TPS, we found
expression of PD-L1, TIM-3 and B7-H3 in tumor cells in 17%, 10%,
and 93% of cases, respectively. Applying CPS (which takes both
tumor and immune cells into account), the rate of positivity was
63%, 67% and 94% for PD-L1, TIM-3 and B7-H3, respectively.
Expression of these markers was largely independent of one
another. We found that PD-L1 positivity expressed as either TPS or
CPS and TIM-3 positivity expressed as CPS were associated with
higher CD8+ TIL density. Furthermore, PD-L1 expression scored
using CPS was associated with improved OS. In our study, PD-L1
positivity in tumor cells (TPS) correlated with a higher tumor stage
but not with survival, whereas the converse was true when PD-L1
was evaluated in both tumor and immune cells (CPS). These
findings suggest that PD-L1 expression mainly in immune cells
correlates with prognosis, and appears to be independent of
tumor stage.
A number of studies have investigated the expression of PD-L1

in endometrial carcinomas,8,9,11,16,17,33–39, some of which reported

it separately in ESC, with inconsistent results. In a recent study by
Zhang et al. with a design similar to ours, the authors examined 79
cases of ESC and found PD-L1 expression by TPS (cut-off 1%) to be
present in 43% and by CPS (cutoff 1) in 73.4% of cases. They found
PD-L1 positivity by TPS but not CPS to positively correlate with
stage II–IV tumor (p= 0.015).17 The rate of PD-L1 positivity by CPS
and correlation of TPS with tumor stage in that study are in
keeping with our findings. In a study of endometrial carcinomas
utilizing a TMA that included 29 ESC, Pasanen et al. found that in
ESC, 3.7% of cases expressed PD-L1 in tumor cells and 38.2% of
tumors demonstrated PD-L1 positivity by CPS (cut-off 1). They also
found that patients with advanced-stage (III to IV) tumors were
more likely to show PD-L1 positivity in both tumor cells and by
CPS compared to patients with stage I or II disease.14 Their
observation that PD-L1 expression by TPS associated with
advanced tumor stage is similar to our findings, although, in our
study, only stage IA tumors demonstrated a lower level of
positivity compared to more advanced stages. Bregar et al.
examined PD-L1 expression in various types of endometrial
carcinoma and found that tumors with high grade histology
exhibited significant PD-L1 expression (in either tumor or immune
cells) including a 30% (3/10) positivity rate in serous carcinomas.36

Kucukgoz Gulec et al. assessed PD-L1 in tumor cells and the local
“microenvironment” (employing a threshold of > 5% positivity) in
53 type II endometrial carcinomas that included 17 serous
carcinomas and found PD-L1 positivity in 15% of cases for tumor
and 28% of cases for microenvironment. They found PD-L1
expression in the tumor cells to be associated with worse OS.12 In
the study by Talhouk et al. performed on a TMA, the proportion of
PD-L1 positive cases (>5% positivity threshold) in “p53 abnormal”
tumors was 32%, lower than in polymerase epsilon (POLE)-
mutated and MMR-deficient tumors but significantly higher than
in p53-wild type tumors. These authors found PD-L1 positivity to
lack prognostic significance.13 Zong at al. examined 113 ESC
within a TMA and demonstrated the PD-L1 positivity rate by TPS
(cut-off 1%) to be 17.7% and by CPS (cut-off 1) 54%.15 These
results are similar to our observations. These authors found PD-L1
positivity in tumor cells to be associated with a favorable
prognosis in patients with advanced-stage disease, non-
endometrioid endometrial carcinoma, and high-risk endometrial
cancer.15 We could not directly compare these results to ours
because prognostic significance for ESC was not separately
analyzed in that study. A study by Engerud et al. found a PD-L1
positivity rate in ESC (assessed in a TMA as “only glandular
expression” with a positivity threshold of <10%) of 63% (41/65),
and no association between PD-L1 positivity and disease-specific

Fig. 2 Distribution of PD-L1, TIM-3, and B7-H co-expression. Individual bars reflect the proportion of cases expressing 0, 1, 2 or 3 markers by
(A) tumor proportion score (TPS) and (B) by combined positive score (CPS). Cohen’s kappa agreement/co-occurrence between individual
markers by (C) TPS and (D) CPS.
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survival in either the endometrioid or non-endometrioid sub-
group.38 Kir et al. investigated a group of 59 endometrial
carcinomas including 5 serous carcinomas and 7 p53-mutant
carcinomas and found p53 mutant-type tumors to demonstrate
PD-L1 positivity in 14.3% (1/7) of cases by TPS employing a cutoff
of ≥1%, in 0% (0/7) of cases by TPS employing a cutoff of ≥5%,
and in 28.6% (2/7) of cases by CPS employing a cutoff of 1.39 In a
study of 231 endometrial carcinomas that included 33 serous
carcinomas, Amarin et al. found 27% of ESC to be positive for PD-
L1 by TPS. In their study, in an unselected group of endometrial
carcinomas, PD-L1 expression was not associated with overall
survival.16 Direct comparison between results of various studies is
limited due to such factors as different study designs, different
immunostaining protocols, and variability in antibody clones used.
Studies performed on a TMA are especially difficult to compare to
studies utilizing whole tissue sections due to frequent and
significant heterogeneity in PD-L1 expression within individual
tumors. Because of the small size of tissue cores included in TMAs,
there is a higher probability of sampling bias. Of note, we
observed PD-L1 expression to be especially prominent at the
advancing edge of the tumor, although with frequent hetero-
geneity of expression within different areas at this edge. The hope
is that increasing understanding of patterns of immune check-
point marker expression, further standardization of testing, and
refinement of evaluation methods for specific tumor types will
allow for greater data interchangeability and improved confidence
in comparison of results across studies.
Our results demonstrated association of higher CD8+ TIL

density with expression of PD-L1 by either TPS or CPS and TIM-3
by CPS. Similar findings on PD-L1 positivity in endometrial
carcinomas with higher CD8+ TIL have previously been reported
in other studies.15,40 Increased CD8+ T cell infiltrate is generally
considered a good prognostic feature indicating a robust anti-
tumor immune response in solid tumors in general and in
endometrial carcinoma in particular.41,42 PD-L1 signaling within
tumors is affected by co-activation of other specific immune
regulators, and this co-activation requires presence of TILs and IFN-
γ expression. Rather than being a constitutively active, oncogene-
driven immunosuppressive function, PD-L1 upregulation likely

represents, in at least some tumors, an adaptive immune resistance
mechanism adopted by tumor cells in an attempt to avert
destruction by TIL.43,44 Our observations support the hypothesis
that in many ESC, immunosuppressive pathways are triggered by
activated CD8+ T cells via negative feedback within the tumor
microenvironment. Targeting such negative regulatory immune
checkpoints might be beneficial for patients with a preexisting T
cell-inflamed tumor microenvironment.44,45

Although the expression of TIM-3 has been evaluated in various
tumors, far less is known about this immune checkpoint as
compared to PD-L1. Prevalence and significance of TIM-3
expression in endometrial carcinomas are currently underex-
plored. In many solid tumors, increased TIM-3 expression has been
shown to have an association with adverse outcomes.21 Moore
et al. found tumoral and tumor-associated immune cell expression
of TIM-3 by IHC (scored using TPS and CPS) to be common in
endometrial carcinoma with particularly high levels of expression
in MLH1-hypermethylated, MSH6-deficient, and intermediate- to
high histologic grade tumors.46 Ramos et al. investigated the TIM-
3 RNA expression signature in endometrial carcinomas including
10 ESC and found its levels to be significantly higher in
endometrioid carcinoma compared to carcinosarcoma and serous
carcinoma, and increased in microsatellite instability (MSI)-high
versus MSI-low tumors.47 Although published results on B7-H3
prevalence and significance in solid tumors are not uniform, like
TIM-3, it is overexpressed in many cancers and, in the majority of
published studies, is associated with a worse prognosis.26,32 In
their study of 107 endometrial carcinomas including 15 serous
carcinomas, Brunner et al., using a semiquantitative immunor-
eactive score, demonstrated that high grade and type II tumors
expressed significantly more B7-H3 than low grade and endome-
trioid carcinomas. They also found a correlation between B7-H3
expression on tumor cells and tumor T-cell infiltration.48 Nishimura
et al. evaluated PD-L1 and B7-H3 expression (defined as staining
“in > 10% area”) in 21 ESC and found no correlation with tumor
characteristics, stage or recurrence, although B7-H3 expression
showed a trend for correlation with nodal metastasis.49 Direct
comparison of these results to our findings is precluded by
significant differences in study design.

Fig. 3 Correlation between immune checkpoint expression and clinical stage. PD-L1 expression by (A) TPS and (B) CPS. TIM-3 expression by
(C) TPS and (D) CPS. B7-H3 expression by (E) TPS and (F) CPS. *p < 0.05.
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Correlation between clinical tumor stage or outcome and TIM-3
or B7-H3 expression was not found in our study. In addition, we
found little concordance between PD-L1, TIM-3 and B7-H3
expression within individual tumors and did not detect a tendency
for synergistic interaction of these molecules, although our data
provide only a narrow view of a highly complex tumor
microenvironment with an incompletely elucidated interplay of
myriad factors. Independent expression of these markers could
indicate their complementary roles in tumor immune evasion and

suggest a potential benefit from targeted combination immu-
notherapy in these tumors. In some solid tumors including lung
and head and neck carcinomas, upregulation of TIM-3 has been
shown to be associated with the development of resistance to PD-
1 blockade18,50, and dual blockade of the PD-1/PD-L1 axis with
addition of anti-TIM-3 monoclonal antibodies showed encoura-
ging results in clinical trials.51 As the B7-H3 receptor and the
downstream events of its binding to recipient cells are still
incompletely characterized, no ICI has yet been developed. A

Fig. 4 CD8+ tumor infiltrating lymphocyte (TIL) density and its correlation with PD-L1, TIM-3 and B7-H3 expression. A CD8 IHC and (B)
corresponding image annotation of CD8+ TIL using Aperio image analysis tool: CD8+ lymphocytes are annotated and color-coded based on
staining intensity as weak (yellow), medium (orange), and strong (red); blue color highlights nuclei. C–F Correlation of CD8+ TIL density with
PD-L1 expression using : (C) CPS with positivity defined as ≥ 1; (D) CPS, low versus high score with cutoff point 10; (E) CPS, low vs. high score
with cutoff point 20; (F) TPS with positivity defined as ≥1%. G–I, Correlation of CD8+ TIL density with TIM-3 expression using: (G) CPS with
positivity defined as ≥ 1; (H) CPS, low vs. high score with cutoff point 10; (I) TPS with positivity defined as ≥ 1%. J–M Correlation of CD8+ TIL
density with B7-H3 expression using: (J) CPS, low vs. high score with cutoff point 20; (K) CPS, low vs. high score with cutoff point 50; (L) TPS,
low vs. high score with cutoff point 20; (M) TPS, low vs. high score with cutoff point 50. *p < 0.05.
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study by Yonesaka et al. demonstrated, however, that B7-H3
expression in lung cancer directly correlated with nonresponsive-
ness to anti-PD-1 immunotherapy. These authors also showed in a
murine model improved antitumor immunity with increased
number of CD8+ T cells and their recovered effector function
after dual anti-B7-H3 and anti-PD-L1 antibody treatment.52 Other
innovative B7-H3-based immunotherapy strategies are currently
underway and show great promise.28,31

Many previous studies in endometrial carcinomas focused on
correlation of PD-L1 expression in MSI high/MMR-deficient tumors,
comparing it to microsatellite stable/MMR-intact tumors. Results
of these investigations repeatedly confirmed significantly higher
PD-L1 and CD8+ TIL levels in the former group.13,33,34,53 The
postulated mechanism of such disparate results is the high
number of somatic mutations and, thus, an increased tumor-
specific neoantigen load in the former group, which would be
expected to induce an enhanced antitumor immune response
with a highly inflamed tumor phenotype. Another group of
tumors associated with a high number of mutations and
neoantigens is POLE mutated/ultramutated tumors, which also
tend to be enriched with intratumoral infiltration of CD8+ T cells
and increased PD-L1 expression.13,33,34,53 In our study we
examined ESC, a histotype corresponding to a copy number high
group by The Cancer Genome Atlas (TCGA) molecular classifica-
tion.54 Tumors from this group characteristically contain the
lowest number of mutations compared to tumors from other

groups and thus are not expected to show a high number of
neoantigens; nevertheless, a good number of these tumors
demonstrated a robust immune response and an inflamed tumor
phenotype manifesting as both immune checkpoint positivity and
high numbers of CD8+ T cells.
These observations correlate with results reported by other

investigators.13,34 It has been previously hypothesized that such
an immune response may be aimed at self-antigens or cancer/
testis (CT) antigens instead of neoepitopes34; however, the precise
molecular interactions triggering immune reaction in these
tumors remain to be elucidated. Irrespective of the underlying
mechanisms, these observations suggest the existence of specific
subsets of hypomutated endometrial carcinomas that are
immunogenic and may be potential candidates for targeted
immunotherapy. In such tumors, specifically in serous carcinoma
where MMR status and other surrogate markers of potentially
enhanced antitumor immune response are less relevant, immune
checkpoint biomarkers such may have a particular value.
Our study has several strengths. First, to minimize sampling

bias, we utilized whole tissue sections. Second, we studied a
relatively homogenous group of tumors of identical histologic
type. Finally, we analyzed our results using two different scoring
methods (both recommended by the FDA in companion
diagnostics for other solid tumors), as well as different positivity
thresholds for each marker. A potential limitation of our study is a
modest degree of correlation between PD-L1 expression and

Fig. 5 Survival analysis and correlation with PD-L1 expression. A, B Kaplan–Meier curves of progression-free survival (PFS) and overall
survival (OS) for patients in PD-L1-positive (red) and PD-L1-negative (blue) groups using CPS (cutoff 1): (A) PFS; (B) OS. C–F, Kaplan–Meier
curves for patients in PD-L1-low (blue) and high (red) groups using 10 and 20 CPS cutoff points: (C) PFS, CPS cutoff 10; (D) OS, CPS cutoff 10;
(E) PFS, CPS cutoff 20; (D) OS, CPS cutoff 20. G, H Kaplan–Meier curves for patients in PD-L1-positive (red) and PD-L1-negative (blue) groups
using TPS (cutoff 1%): (G) PFS; (H) OS. *p < 0.05.

H. Chen et al.

1962

Modern Pathology (2022) 35:1955 – 1965



overall survival. Additional larger studies are needed to validate
our results. Future investigations of the ESC immune landscape
should also include evaluation of lesser investigated biomarkers
(e.g., lymphocyte-activation gene 3 (LAG-3), T cell immunorecep-
tor with Ig and ITIM domains (TIGIT), V-domain immunoglobulin
(Ig)-containing suppressor of T-cell activation (VISTA), and B7-H4),
with correlation of their expression with tumor pathologic and
molecular characteristics and clinical outcome. Exploring correla-
tion of spatial distribution of immune checkpoints within tumors
with outcomes may provide a more nuanced understanding of
the significance of various expression patterns (e.g., diffuse
expression versus predominantly at tumor advancing edge and
stromal interface). Studying potential somatic and germline
sources of interpatient heterogeneity to answer the question as
to why some tumors generate a spontaneous antigen-specific T
cell response while others do not may provide further insight into
disparities in antitumor immune responses. Finally, studies
correlating immune checkpoint expression with response to ICI
therapies will contribute to a better understanding of their
predictive value and inform design of future clinical trials and
individualized therapeutic strategies.
In summary, results of our study contribute to the growing body

of knowledge concerning prevalence, distribution and significance
of PD-L1, TIM-3 and B7-H3 expression in ESC, and highlight the

complexity of the immune landscape in these tumors. Our
findings also suggest that these molecules may potentially be
viable targets for individualized immunotherapy in ESC.
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